A Gram-stain-variable, strictly anaerobic, rod-shaped, catalase-negative and endospore-forming bacterial strain, designated MJC39
Forage is preserved as silage for livestock in many countries and is produced by the lactic acid fermentation process of epiphytic lactic acid bacteria on forage or of inoculating lactic acid bacteria [1] [2] [3] and is generally achieved at a pH of 4.2 or lower. However, if the pH is not sufficiently low, Clostridia will increase their numbers and actively convert sugars and lactic acid into butyric acid toward the catabolism of amino acids and amides [1] . Increased butyric acid fermentation and nitrogen metabolism results in substantial loss of nutrients [1] and contamination of milk by Clostridia in silage, subsequently leading to a late blowing defect of semihard and hard cheeses [4] .
The genus Clostridium is composed of bacteria that are usually rod-shaped, endospore-forming, catalase-negative and obligately anaerobic [5] . More than 200 members of the genus have been identified to date (www.bacterio.net/; LPSN, J. P. Euz eby and A. C. Parte, 2017). However, Lawson and Rainey proposed that members of the genus Clostridium Prazwowski be restricted to the type species Clostridium butyricum and cluster I species [5] .
Here, we report the characterization of strain MJC39
T isolated from grass silage preserved in Nakashibetsu, Hokkaido, Japan (43 33¢ 18 † N 144 58¢ 18 † E), which belongs to the genus Clostridium cluster I [6] , and we propose a novel species of the genus Clostridium.
The silage sample (dry matter content 19.6 %, pH 4.71, butyric acid content 0.76 % of fresh matter, undetectable lactic acid content) was transferred into sterile homogenization bags and homogenates were prepared as previously described [7] . The novel bacterial strain was isolated from homogenates after incubation on a Clostridia count agar plate containing (g l
À1
) mixed peptone 15.0, soya peptone 7.5, yeast extract 7.5, beef extract 7.5, ferric ammonium citrate 1.0, sodium hydrogen sulfite 1.0, L-cysteine chloride 0.75 and agar 30.0 (Nissui Pharmaceuticals) for 3 days at 30 C under anaerobic conditions (Anaero-Pack; Mitsubishi Gas Chemical). A pure isolate, designated as strain MJC39
T , was routinely grown using reinforced clostridial medium (RCM; BD Difco), Gifu anaerobic medium broth (GAM broth; Nissui Pharmaceuticals) and peptone yeast extract medium with glucose (PYG medium) [8] at 30 C under anaerobic conditions (Anaero-Pack) unless otherwise indicated. Strain MJC39 T can be successfully subcultured after short-term exposure to air at atmospheric pressure.
The taxonomic position of strain MJC39
T was determined by 16S rRNA gene sequence analysis as previously described [7, 9] . In brief, the almost full-length 16S rRNA gene (1433 bp) was amplified using the universal primers 27F (5¢-AGAGTTTGATCCTGGCTCAG-3¢) and 1492R (5¢-GG TTACCTTGTTACGACTT-3¢) [10] . The PCR-amplified 16S rRNA gene was sequenced with an ABI PRISM BigDye Terminator v3.1 Cycle Sequencing kit on an ABI PRISM 3130 Genetic Analyzer (Applied Biosystems). Closely related taxa based on 16S rRNA gene sequences were identified from the GenBank/EMBL/DDBJ databases. The 16S rRNA gene sequences of strain MJC39
T and the closest recognized relatives were aligned using CLUSTAL X (version 2.0.12) [11] . An evolutionary distance matrix was obtained using the two-parameter model of Kimura [12] , and a phylogenetic tree was reconstructed using the neighbourjoining method [13] . Maximum-likelihood and maximumparsimony phylogenetic trees were reconstructed using the MEGA software package, version 5.0 [14] . The reliability of the tree topology was evaluated by bootstrap analysis of 1000 replications [15] .
Phylogenetic analysis based on 16S rRNA gene sequences clearly placed strain MJC39
T in the genus Clostridium. As shown in the neighbour-joining ( Fig. 1) , maximumlikelihood (Fig. S1 , available in the online version of this article) and maximum-parsimony ( Fig. S2 ) trees, strain MJC39
T grouped within the type strains of Clostridium tyrobutyricum and Clostridium algifaecis. The closest relatives to the novel strain were C. tyrobutyricum JCM 11008 T (95.8 % 16S rRNA gene sequence similarity) and C. algifaecis MB9-7 T (95.5 %), and these values were below the species designation cut-off (<98.65 %) [16] .
Genomic DNA was prepared from cells harvested from GAM broth using Qiagen Genomic-tips, and the G+C content was determined (in duplicate) by HPLC [17] . The genomic DNA G+C content of the novel strain was 34.4 ±0.2 mol%, which is within the range of 23-37 mol% reported for the genus Clostridium [5] .
Cell, spore and colony morphology were observed after cultivation on RCM agar plates at 30 C for 3 days under anaerobic conditions. Spore formation was examined with cultivation at 30 C for 7 days under anaerobic conditions after treatment at 80 C for 10 min. Spore morphology was observed microscopically with the Schaeffer-Fulton-modified Wirtz stain method (Wirtz stain kit; Muto Pure Chemicals). Gram staining, catalase activity and catalase production were determined using cells in the stationary phase as described previously [9] . Motility was tested with cultivation on RCM soft agar (0.1 % agar) at 30 C for 72 h under anaerobic conditions. The effects of temperature (15, 20, 25 , 37, 42 and 47 C) and NaCl tolerance (0, 1, 2 and 3 %, w/v) on growth of strain MJC39
T were observed with cultivation in RCM for 7 days under anaerobic conditions. The effect of pH was examined with cultivation on RCM adjusted with HCl or NaOH solutions at pH 4.5, 5.0, 6.0, 7.0 and 8.0 in an Anaerorator FA-6 with anaerobic jars (Hirayama) under 100 % N 2 in the gas phase. Growth was evaluated by determining the optical density at 600 nm with a spectrophotometer (SmartSpec plus; BioRad). Each experiment was repeated at least twice with similar results.
For the comparison of fatty acid profiles, cellular fatty acid methyl esters were prepared from cells grown in PYG medium at 30 C for 7 days under anaerobic conditions (Anaero-Pack) as described previously [7] and analysed using the TSBA6 database of the Microbial Identification System (Microbial ID; MIDI) [18] . The isolate and reference type strains were characterized using the API 20A (bio-M erieux) test strips in duplicate, according to the manufacturer's instructions, after cultivation on RCM agar plates for 7 days. API ZYM (bioM erieux) tests were conducted in duplicate, according to the manufacturer's instructions, after cultivation on PYG medium for 3 days. Analysis of the respiratory quinones and polar lipids of the cell wall were analysed after cultivation in GAM broth at 30 C for 3 days by the identification service of the DSMZ. The fermentation products in GAM broth were analysed after 7 days of culture at 30 C under anaerobic conditions. The concentrations of organic acids (lactic, acetic, propionic, butyric, valeric and isovaleric acids) were determined by HPLC using an LC-2000Plus series chromatograph (JASCO) with an ion-exclusion column (Shodex Rspak KC-811; Showa Denko). Ethanol was quantified by HPLC using a JASCO chromatograph fitted with a refractive index detector (RI-1530) and CARBOsep CHO-682 column (Tokyo Chemical Industry).
The physiological and biochemical characteristics of strain MJC39 T and those that most clearly differentiate the novel strain from closely related type strains of Clostridium species are presented in the species description below and in Table 1 . The phenotypic profile of strain MJC39
T differed from that of other type strains, and its ability to produce acid from L-arabinose, D-sorbitol and L-rhamnose as well as the lack of alkaline phosphatase activity all differentiate strain MJC39
T from the other strains. Butyrate (approximately 1.9 mmol) was detected as the major fermentation product from glucose in the culture supernatant of strain MJC39
T but other tested organic acids and ethanol were not detectable. The polar lipids of strain MJC39
T contained phosphatidylglycerol, phosphatidylethanolamine, diphosphatidylglycerol, one unidentified lipid, one unidentified aminolipid, two unidentified glycolipids, one unidentified phospholipid, one unidentified aminoglycolipid and one unidentified phosphoaminoglycolipid (Fig. S3) , differing from those of closely related type strains of Clostridium species. No respiratory quinones were detected in strain
MJC39
T . The predominant cellular fatty acids of the strain were C 14 : 0 (12.4 %), C 16 : 0 (44.6 %) and summed feature 3 (16.6 %) ( Table 1 ). The fatty acid iso-C 17 : 1 !5c was not detected in strain MJC39
T , whereas C. tyrobutyricum and C. algifaecis contained 15.3 and 1.2 % iso-C 17 : 1 !5c, respectively (Table 1) .
Therefore, based on these differences, strain MJC39
T should be classified as representing a novel species of the genus Clostridium, for which the name Clostridium pabulibutyricum sp. nov. is proposed.
DESCRIPTION OF CLOSTRIDIUM PABULIBUTYRICUM SP. NOV.
Clostridium pabulibutyricum (pa.bu.li.bu.ty¢ri.cum. L. neut. n. pabulum feed; N.L. n. acidum butyricum butyric acid; N.
Bacillus subtilis NCDO 1769 T (X60646)

Clostridium aciditolerans JW/YJL-B3 T (DQ114945)
Clostridium nitrophenolicum 1D T (AM261414)
Clostridium magnum DSM 2767 T (X77835)
100
Clostridium carboxidivorans P7 T (AY170379)
Clostridium scatologenes ATCC 25775 T (M59104) 100
Clostridium arbusti SL206 T (EU816420)
Clostridium pasteurianum CECT 377 T (FR870440)
Clostridium acidisoli CK74 T (AJ237756) The type strain is MJC39 T (=JCM 31506 T =DSM 103944 T ), isolated from silage. The DNA G+C content of the type strain is 34.4±0.2 mol%.
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